The industrial policies of developing countries mainly focusing on the pursuit of economic growth with inadequate importance given to environmental pollution issues has resulted in rapid degradation of the natural environment. As the ambience has a dilution limit, industries that have been emitting air pollutants within the permissible pollution norms also contribute their share towards overall environmental degradation. Expressing permissible limits of pollution parameters on the dichotomous scale (Yes/No) needs a paradigm shift from crisp (Permissible OR Not Permissible) to fuzzy values (Permissible AND Not Permissible). A fresh look at the pollution control strategies is, therefore, necessary. An attempt has been made to address this problem and a new formalism of integrated effects of air pollutants is proposed for industries based on their air emissions. Vagueness in the perception of environmental experts for evaluating the techno-scientific parameters in linguistic terms for specific usage, coupled with imprecision in parametric data calls for the application of fuzzy modelling. In this study, importance is given to each air pollutant and a composite index is developed, which can reflect the air pollution potential of an industry. The study also reflects a case study of stringent environmental standards reflecting the rise in the pollution potential of industries. This can be linked to policy framing based on the principle of the polluter paying to control the pollution levels in the environment. The case study relates to the application of Fuzzy Multi Criteria Decision Making (FMCDM) for ranking the industries located in the State of Gujarat, India. The feasibility of the approach for ranking industries based on their air pollution potential is also discussed.
Introduction
The rapid industrialization of India in the recent past has been the striking feature of the Indian economic development. The common indicators of economic welfare, such as national product and income have reflected the growth of the industry as a major indicator for the development of the nation. However, the other angle of industrialization has been the serious damage to the surrounding environment due to the wastes and pollutants generated from industries. The regulatory agencies set the norms to control the pollution, but as the ambience has a dilution limit, industries that have been emitting air pollutants within the permissible pollution norms also contribute their share towards overall environmental degradation. The situation is not very different from the case of the parameters relating to water, land and noise pollution. In this context, there is a need to see the pollution potential of industry on the basis of the permissible limit of pollutants. This study can be linked to the principle of "Polluter to Pay" on the basis of degree of certainty of pollution potential to reduce the pollution. This type of problem can be solved by using fuzzy logic. According to Hipel et al. [1] , a decision problem is said to be complex and difficult, if there exist multiple criteria -both qualitative and quantitative in nature. Here a methodology is developed, employing the Fuzzy Multiple Criteria Decision Making (FMCDM) approach, for ranking of industries based on their air pollution potential. In this study separate weightage is given to the dust and gaseous criteria of air pollution. The ranking of industry can be done by jointly considering the water and air pollution potential indices [2] .
Fuzzy Multi Criteria Decision Making (FMCDM) modelling
Many attempts have been made to study different methods of ranking alternatives and decision making for problems under fuzzy environment during the last few decades. For the evaluation of the modern concept of uncertainty readers can refer to the publication of a seminal paper by Lotfi A. Zadeh on fuzzy sets [3] . In his paper, Zadeh introduced a theory of objects -fuzzy setswith boundaries that are not precise [4] . Bellman and Zadeh [5] used a concept of fuzzy goals and fuzzy constraints for fuzzy decision. Jain [6, 7] proposed a method of using the concept of membership level, whereas Baldwin and Guild [8] indicated that the above two methods suffer from some difficulties for comparing the alternatives and have disadvantages. Adamo introduced the α-preference rule using the concept of the α-level set. Chang indicated that the method proposed by Adamo [9] may lead to an inappropriate choice and went on to introduce the preference function concept of an alternative. A complete review of fuzzy numbers ranking methods was presented by Bortolan and Degani [10] . Hagemeister et al. [11] developed a methodology for hazard ranking of landfills using fuzzy composite programming, and presented a methodology to assess the environmental and public health hazard posed by an unregulated landfill when available data is imprecise, uncertain or subjective. Raj and Kumar [12] proposed the concept of a maximizing set and a minimizing set for ranking alternatives with fuzzy weights. Shen et al. [13] considered the characteristics of the construction business environment in China and identified the key parameters used in assessing contractors' competitiveness for awarding construction contracts in the market on a multi criteria basis. Seo et al. [14] developed a methodology with the help of a fuzzy decision making tool for the assessment of residential buildings, based on the acceptable level of environmental impact and socio-economic characteristics of the residential building. A more recent study by Singh and Tiong [15] highlights a fuzzy framework for contractor selection; this paper presents a systematic procedure based on fuzzy set theory to evaluate the capability of a contractor to deliver the project as per the owner's requirement. The approach developed for the ranking of industries based on their environmental pollution potential is somewhat analogous to the procedure suggested by Singh and Tiong [15] . The methodology discussed here has been successfully used for ranking of the same type of industries [2] considering the seven linguistic variables of Saaty [16] . Figure 1 portrays an overview of the fuzzy decision framework to rank industries, which is self-explanatory. Identification of environmental experts is of prime importance. The importance weight for each of the criteria mentioned in Table 2 is developed by consulting environmental experts. To describe the level of performance on decision criteria Saaty [16] has proposed Fuzzy decision framework for industrial ranking.
Methodology
fuzzy numbers for seven linguistic variables. In this study, four fuzzy numbers are selected to describe the level of performance on decision criteria in the evaluation of pollution potential of industries. Four linguistic variables are used because it is convenient for an expert to distinguish subjectively between four alternatives. Table 1 shows the linguistic variables and fuzzy numbers used in this study. Figure 2 shows the graphical presentation of fuzzy numbers for the linguistics variables. The importance weight factors are computed for the sub criteria (parameters) of dust (SPM) and gases (SOx, NOx, Cl 2 and HCl). Table  2 shows experts' opinion for the sub criteria of air pollution. Graphical presentation of fuzzy numbers for linguistic variables.
Using eqn (1) given below, the average fuzzy number for all environmental experts' opinion can be expressed as a is a fuzzy number (weight) assigned to a parameter by environmental experts for the decision criterion C k and p is the number of experts involved in the evaluation process. Using eqn (1) the matrix given above can be further simplified to calculate the average fuzzy number. The linguistic variables as assigned by the experts are converted to fuzzy numbers used in the above expression through Table 1 and Figure 2 . Now, the defuzzified values for the sub criteria are obtained by using eqn (2) . E = (x 1 + x 2 +x 3 +x 4 ) / 4 (2) For details about different types of fuzzy numbers, membership functions, aggregation and defuzzification methods, interested readers may refer to Zimmerman [17] , Klir and Folger [18] and Kaufmann and Gupta [19] .
The normalized weight for each sub criterion of dust and gases is obtained by dividing the scores of each sub criterion ( ij C ) of dust and gases by the total of all sub criterions ( ∑ ij C ) of dust and gases respectively. The next step is to convert the parametric values of stack emissions to the fuzzy numbers (membership functions) based on the specified statutory norms. Figure 3 shows the fuzzy set for not acceptable (membership function one) for gaseous parameter HCl. Similarly, fuzzy sets for other parameters of dust and gases can be developed.
The fuzzy decision matrix for sub criterion C 15 (HCl) can be written as 
+ +
Similarly, crisp scores can be computed for the other sub criteria of dust and gases. Using the simple additive weighing method (Hwang and Yoon [20] ), the total scores (TS) for each industry for dust and gaseous criteria can be calculated by eqn (3) . (3) where, ( ) Using pollution potential importance weight for both the criteria (dust and gaseous) such that their summation is equal to 1, an overall score (OS) for the industries can be calculated by eqn (4). 
Case study
The case study relates to the available air emission characteristics from three chemical industries, three thermal power station units and three dying and printing textile industries located in Gujarat State, India. Table 3 shows the stack emissions for the above mentioned industries monitored for winter (M 1 ), summer (M 2 ) and the rainy season (M 3 ).
The parametric values of stack emissions are converted to the fuzzy numbers (membership functions) based on the specified statutory norms (see figure 3) . For example, for 12 mg/Nm 3 , the HCl normalized value is 0.6. Similarly, normalized values of stack emissions for all industries have been worked out. For the final total score, a unique membership value for each industry for different sub criteria can be obtained by using the simple average. Then the normalized weight for each sub criterion of dust and gases for different industries are calculated.
Using the simple additive weighing method (Hwang and Yoon [20] ), the total score (TS) for each industry has been calculated and the same is as shown in Table 4 . The matrix (Figure 4) is shown for the total score of the sub criteria of gases for chemical industries. Matrix for total score for sub criteria of gaseous of chemical industries. Total score and summation for criteria of chemical industries. Matrix for overall score for dust and gaseous. Using pollution potential importance weight for both the criteria (such that their summation is equal to 1) has been calculated. The matrix ( Figure 5 ) is shown for an overall score of dust and gaseous criteria. From that an overall score (OS) for chemical industries has been calculated. Similarly, overall scores for thermal power station units and dying and printing units are calculated and the same are shown in Table 5 .
Criteria

Sensitivity analysis
In order to check the sensitivity of the model for the given sub criteria, it was proposed to operate the model with SO 2 emission norms of 20 and 100 ppm. The ranking was obtained for three chemical industries shown in Table 6 .
Comments
As seen from the results (Table 6 ), the impact potential of an industry increases when the emission standards for the SO 2 are made more stringent from 100 to 20 ppm. Moreover, the same is also reflected on an overall score of the industry. However, the ranking of an industry does not change. 
Discussions
From the results of different types of industries (Table 5) , it can be inferred that the chemical industry ranks first in the list of nine industries with high pollution potential and the thermal power station unit ranks number nine in the list of these industries with minimum pollution potential. So in this way, it is possible to rank different types of industries on the basis of their pollution potential and it is possible to encourage industrial entrepreneurs to bring their industrial pollution potential to a minimum level by controlling pollution as an attempt to protect the environment.
Conclusion
The paper demonstrates the use of fuzzy modelling for the ranking of industries based on their air pollution potential with a case study. The sensitivity analysis reveals the pollution potential of the industry increases with stringent emission standards, however; it retains its raking. As the pollution levels in general are increasing, it is opined that the issue of pollution tax should be studied and considered by decision makers of developing countries to control the pollution levels in the environment.
